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(54) Rotary cone drill bit with contoured inserts and compacts 

(57) A rotary cone drill bit 20 is provided with inserts 70, 
90 and compacts 50 having contoured cutting portions 66. 
The rotary cone drill bit 22 includes a bit body 26 having at 
least one downwardly extending arm 28 terminating in a 
spindle. A cutter cone 30 with a gauge face surface 62 and 
a plurality of holes formed therein, is rotatably mounted 
on each spindle. A compact 50 having a cutting portion 66 
with a radius approximately equal to the desired radius of 
the resulting borehole is press fit into each hole in the 
gauge face surface 62. A number of inserts 70, 90 are also 
installed in the exterior of each support arm 28. Inserts 70 
and 90 have a contoured cutting surface with a radius 
approximately equal to the desired radius for the resulting 
borehole 100. The contoured cutting portion on both the 
compacts 50 and the inserts 70, 90 may be either domed 
shaped or cylindrically shaped. 
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ROTARY CONE DRILL BIT WITH CONTOURED 
INSERTS AND COMPACTS 

TECHNICAL FIELD OF THE INVENTION 

This invention relates in general to the field of 
rock bits and rotary cone drill bits used in drilling a 
5 borehole in the earth, and more particularly to drill 

bits having cutter cone inserts, surface compacts, and/or 
support arm inserts with contoured cutting portions that 
correspond generally to the desired radius for the 
resulting borehole. 

10 

BACKGROUND OF THE INVENTION 

One type of drill bit used in forming a borehole in 
the earth is a rotary cone drill bit. A typical rotary 
cone drill bit comprises a body with an upper end adapted 

15 for connection to a drill string. A plurality of support 

arms, typically three, depend from the lower end portion 
of the body. Each support arm includes a spindle 
protruding radially inward and downward with respect to a 
projected rotational axis of the body. A cutter cone may 

20 be mounted on each spindle and rotatably supported on 

bearings acting between the spindle and the interior of a 
cavity formed in the cutter cone. One or more nozzles 
often are located on the underside of the body adjacent 
to the arms. These nozzles are generally positioned to 

25 direct drilling fluid passing downwardly from the drill 
string to the bottom of the borehole being formed. The 

■ 

drilling fluid washes away material removed from the 
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bottom of the borehole and cleans the cutter cones 
carrying the cuttings radially outward and upward within 
an annulus defined between the bit body and the wall of 
the borehole. U.S. Patent 5, 452,771 entitled' "Rotary 
Drill Bit With Improved Cutter and Seal Protection" and 
U.S. Patent 5,439,068 entitled "Modular Rotary Drill Bit" 
show examples of downhole drill bits satisfactory for use 
with the present invention. 

Each cutter cone generally includes a number of 
inserts and/or milled teeth providing drilling surfaces. 
It is an advantage for the cutter cones and associated 
drill bit to provide high penetration rates, resistance 
to insert or tooth wear and breakage, and maximum 
tolerance to impact and unit loading. For some downhole 
applications, compacts are press fitted into the gauge 
face surface of each cutter cone. These compacts assist 
with cutting the wall of the borehole as the cutter cone 
rotates . 

The exterior surface of each support arm located 
adjacent to the respective cutter cone is often referred 
to as "the shirttail portion" or "shirttail region". The 
shirttail region is generally relatively thin and often 
covered with a layer of hard facing material to minimize 
erosion and wear. Multiple inserts and/or compacts may 
be included within the hard facing layer or adjacent 
thereto to further minimize erosion and wear of the 
shirttail region. 

The cutting portion of previously available compacts 
and inserts often included a flat surface. Some compacts 
and inserts included a cutting portion having a domed 
shaped surface with a radius equal to the radius of the 
respective insert. The cutting portion of previously 
available inserts and compacts has also included other 
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geometrical configurations such as a flat surface with 
beveled edges and a cutting portion having both flat 
surfaces and domed shaoed surfaces. 

Examples of a rotary cone drill bit having compacts 
or inserts disposed in the gauge face surface of the 
cutter cone are described in United States Patent 
No. 4,056,153; United States Patent No. 5,145,016 and 
United States Patent No. 5,131,480. United States Patent 
No. 4,056,153 shows rows of gauge face surface compacts 
on the cutter cones of a rotary cone drill bit. United 
States Patent No. 5,145,016 and United States Patent 
No. 5,131,480 both show bit inserts on the gauge face 
surface of cutter cones in a rotary cone drill bit. 
United States Patent 5/332,051 shows a diamond rock bit 
having diamond inserts with a cutting portion having a 
relatively large convex radius about six times the radius 
of the associated cylindrical insert body. Each of the 
preceding patents is incorporated by reference for all 
purposes within this application. 

SUMMARY OF THE INVENTION 

In accordance with the present invention, 
disadvantages and problems associated with previous 
compacts and inserts for rock bits and rotary cone drill 
bits have been substantially reduced or eliminated. One 
aspect of the present invention includes providing a 
contoured cutting surface on compacts and inserts to 
substantially enhance erosion, abrasion and/or wear 
resistance at corresponding locations on a cutter cone 
and support arm assembly to increase downhole drilling 
time for the associated drill bit. For one application, 
a contoured cutting surface is formed with a generally 
cylindrical configuration with a radius approximately 
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equal to the desired radius for the resulting borehole. 
For another application, a contoured cutting surface is 
formed with a domed shaped configuration with a radius 
approximately equal to the desired radius for the 
5 resulting borehole. 

One aspect of the present invention includes a 
rotary cone drill bit with inserts and compacts which 
eliminate the need for additional grinding or other 
manufacturing steps to achieve conformance between the 

10 inserts and compacts and adjacent portions of the drill 

bit. Also, forming compacts and inserts in accordance 
with the teachings of the present invention substantially 
eliminates or minimizes any void space between the 
respective compact or insert and adjacent portions of the 

15 drill bit. Fabricating compacts and inserts with a 

cutting portion having a radius approximately equal to 
the desired radius for the resulting borehole 
substantially reduces or eliminates any excess material 
used to fabricate the respective compact or insert. 

20 Technical advantages of the present invention 

include providing an insert or surface compact to prevent 
abrasion, wear and/or erosion at corresponding locations 
on the exterior surface of a drill bit. Forming 
contoured cutting surfaces in accordance with various 

25 teachings of the present invention places more wear- 

resistant material in contact with adjacent portions of 
the borehole while at the same time eliminating excess 
hard material and/or void regions adjacent to the 
associated compact or insert. Forming a contoured 

30 cutting surface in accordance with the teachings of the 
present invention eliminates the need to grind off or 
otherwise remove excess material from the respective 
compact or insert after installation at the desired 



BAD ORIGINAL 



location in the associated drill bit. Forming contoured 
cutting surfaces in accordance with the teachings of the 
present invention reduces both material costs and machine 
costs to fabricate the associated drill bit. The 
contoured cutting surface also provides for more uniform 
loading of the respective compact or insert and 
substantially eliminates side loading which tends to pull 
the respective compact or insert out of its opening or 
socket in the associated support arm or cutter cone, 

BRIEF DESCRIPTION OF THE DRAWINGS 

A more complete understanding of the present 
invention may be acquired by referring to the following 
description taken in conjunction with the accompanying 
drawings in which like reference numbers indicate like 
features and wherein: 

FIGURE 1 is schematic drawing showing an isometric 
view of a rotary cone drill bit constructed according to 
the teachings of one aspect of the present invention; 

FIGURE 2 is a schematic drawing in section with 
portions broken away of a support arm and cutter cone 
assembly for the rotary cone drill bit of FIGURE 1 
engaged with the bottom and sidewall of a borehole; 

FIGURE 3 is an enlarged drawing in section with 
portions broken away taken along line 3-3 of FIGURE 2 
taken showing a gauge face surface compact constructed 
according to teachings of the present invention; 

FIGURE 4A is an enlarged isometric drawing with 
portions broken away showing a domed shaped contoured 
cutting surface formed on an insert in accordance with 
teachings of one aspect of the present invention; 
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FIGURE 43 shows a side view of the insert of FIGURE 
4A which is more representative of the actual dimensions 
and configuration of the insert; 

FIGURE 5A is an enlarged isometric drawing with 
5 portions broken away showing a cylindrical contoured 

cutting surface formed on an insert in accordance with 
teachings of another aspect of the present invention; 

FIGURE 5B shows a side view of the insert of FIGURE 
5A which is more representative of the actual dimensions 
10 and configuration of the insert; and 

FIGURE 6 shows an isometric view of another rotary 
cone drill bit constructed according to teachings of 
another aspect of the present invention, 

15 DETAILED DESCRIPTION OF THE INVENTION 

The present invention and its advantages are best 
understood by referring to FIGURES 1-6 of the drawings, 
like numerals being used for like and corresponding parts 
of the drawings. 

20 FIGURE 1 illustrates rotary cone drill bit 20 having 

surface compacts 50 along with inserts 70 and 90 
constructed according to various teachings of the present 
invention. Rotary cone drill bit 20 forms a borehole by 
gouging, scraping and/or cutting action of cutter cones 

25 30 as rotary cone drill bit 20 is rolled around the 

bottom of a borehole by rotation of a drill string 
attached to rotary cone drill bit 20. 

Rotary cone drill bit 20 comprises a bit body 22 
having a tapered, externally threaded upper section 24 

30 adapted to be secured to the lower end of a drill string. 
Rotary cone drill bit 20 includes support arm and cutter 
cone assemblies 26 which extend downwardly from bit body 
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22. Each support arm and cutter cone assembly 26 further 
includes support arm 28 and cutter cone 30. 

Each cutter cone 30 includes a number of compacts 50 
disposed in gauge face surface 62 of the respective 
cutter cone 30. For the embodiment shown in FIGURES 1, 2 
and 3 each cutter cone 30 also includes a plurality of 
inserts 36 which gouge and scrape bottom 104 of borehole 
100 during rotation of rotary cone drill bit 20. 
Alternative embodiments of the present invention may 
include cutter cones that have milled teeth instead of 
inserts 36. The teachings of the present invention are 
equally beneficial with respect to such embodiments. 

As shown in FIGURES 1 and 2, rotary cone drill bit 
20 operates to scrape and cut or gouge sidewall 102 and 
bottom 104 of borehole 100 using compacts 50 and inserts 
36 as a result of downhole force applied from the drill 
string. The resulting borehole debris is carried away 
from bottom 104 of borehole 100 by drilling fluid ejected 
from nozzles 38 extending from bit body 22. The drilling 
fluid will generally flow radially outward between the 
underside of bit body 22 and bottom 104 of borehole 100. 
The drilling fluid will then flow upward towards the well 
surface (not shown) through annuius 106 defined in part 
by the exterior of rotary cone drill bit 20 and sidewall 
102 of borehole 100. 

FIGURE 2 shows a sectional view of one support arm 
and cutter cone assembly 26 associated with rotary cone 
drill bit 20 of FIGURE 1. Rotary cone drill bit 20 
preferably has three support arm and cutter cone 
assemblies 26 only one of which will be described in 
detail . 

Support arm 28 includes downwardly and inwardly 
extending spindle 40. Cutter cone 30 includes generally 
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cylindrically shaped cavity 42 which is sized to receive 
the respective spindle 40 therein. Rotary bearings or 
bushings 44 and 45 are positioned between the exterior of 
spindle 40 and the interior of cavity 42 for rotational 
engagement between cutter cone 30 and the respective 
spindle 40, Thrust bearing or thrust button 4 6 may also 
be positioned within cavity 42 for use in rotatably 
mounting each cutter cone 30 on its respective spindle 
40. Various types of rotary bearings and/or thrust 
bearings have been previously used in downhole drill 
bits. The present invention may satisfactorily be used 
with a wide variety of support arm and cutter cone 
assemblies having various bearing support systems in 
addition to rotary bearings 44 and 45 and thrust bearing 
4 6 as shown in FIGURE 2. 

Cutter cone 30 is retained on its respective spindle 
40 by a plurality of ball bearings 48 which are inserted 
through a ball passage (not shown) in spindle 40. Ball 
bearings 4 8 are disposed in an annular array between 
spindle 40 and an adjacent portion of cavity 42. Once 
inserted, ball bearings 48 prevent disengagement of 
cutter cone 30 from its respective spindle 40. 

Each cutter cone 30 includes base portion 52 with 
conically shaped shell or tip 54 extending therefrom. 
Opening 56 is formed in base 52 with cavity 42 extending 
therefrom for use in mounting cutter cone 30 on the 
respective spindle 40. Inserts 36 are disposed in 
corresponding sockets 58 formed in the exterior of 
conically shaped shell or tip 54. Various types of 
inserts and compacts may be used with tip 54, depending 
upon the intended downhole application for the resulting 
rotary cone drill bit 20. 
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Cutter cone 30 as shown in FIGURE 2 includes 
alternating rows of inserts 36 and grooves 60 which 
cooperate with each other to scrape and gouge bottom 104 
of borehole 100. Base portion 52 of cutter cone 30 has a 
5 generally f rustoconical shape which is angled in a 

direction opposite from the angle of tip 54. Backface 
surface or gauge face surface 62 is formed as part of 
base portion 52. Backface surface 62 is also often 
referred to as gauge face surface because the inside 

10 diameter of the resulting borehole 100 corresponds 
essentially to the outside diameter defined by the 
combined dimensions of backface surface or gauge face 
surface 62 of the three cutter cones 30 which are used to 
form rotary cone drill bit 20. 

15 For purposes of illustration, a gap is shown in 

Figures 2 and 3 between gauge face surface 62 and the 
adjacent portions sidewall 102 of borehole 100. During 
most downhole drilling operations, gauge face surface 62 
will be in close contact with sidewall 102. 

20 A plurality of holes 64 are formed in gauge face 

surface 62. The dimensions of each hole 64 are selected 
to accommodate installation by press fitting the 
respective surface compact 50 therein. Each cutter cone 
30 includes a corresponding number of compacts 50 

25 disposed respectively in the plurality of holes 64 formed 
in each gauge face surface 62. As will be discussed 
later in more detail, each compact 50 includes contoured 
cutting portion 66 with a radius which is essentially 
equal to the desired radius of borehole 100. 

3 0 Depending upon the downhole drilling environment and 

particularly for slanted or horizontal wellbores it may 
be desirable to place one or more inserts within exterior 
portions of rotary cone drill bit 20 which may come in 
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contact with portions of the wellbore during downhole 
drilling operations. For example, a plurality of inserts 
70 are shown adjacent to the leading edge of support arm 
26 as part of shirttail portion 72. A plurality of 
5 inserts 90 are also shown adjacent to the leading edge of 

support arm 28 near the upper portion adjacent to the 
outlet from nozzles 38. Inserts 70 and 90 are preferably 
placed adjacent to the leading edge of the respective 
support arm 28 to minimize erosion, wear and abrasion 

10 associated with the combined flow of drilling fluids and 

borehole debris within annulus 106. 

For definitional purposes, the lower, exterior 
portion of support arm 28 located below nozzles 38 is 
often referred to as a shirttail surface or simply a 

15 shirttail. More specifically, shirttail portion 72 

refers to the exterior surface of support arm 28 
immediately adjacent to the junction with spindle 40. 
While drilling with rotary cone drill bit 20, debris will 
often pass between each gauge face surface 62 and 

20 sidewall 102 of borehole 100 within the area which opens 

into wellbore annulus 106. As a result, the edge of 
shirttail portion 72 on each support arm 28 which leads 
in the direction of rotation of drill bit 28 will often 
become eroded and/or abraded. Installing inserts 70 

25 within shirttail portion 72 will substantially minimize 

such erosion and/or abrasion. 

Inserts 70 and 90 may be substantially identical 
with each other. Alternatively, inserts 70 and 90 may 
have both varying geometrical configurations and material 

30 compositions depending upon the anticipated downhole 

drilling environment. One of the benefits of the present 
invention includes the ability to vary the dimensions 
such as length and diameter along with the type of 
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materials used to form compacts 50 and inserts 70 and 90 
to optimize the downhoie performance of the associated 
rotary cone drill bit. 

For purposes of illustrating some of the alternative 
embodiments of the present invention, compact 50 as shown 
in FIGURES 4A and 4B, and compact 150 as shown in 
FIGURES 5A and 5B, will be discussed in more detail. 
Inserts 70 and 90 may be provided in accordance with the 
present invention using the same teachings as described 
with respect to compacts 50 and 150. 

For purposes of illustration compacts 50 and 150 are 
shown in FIGURES 4A and 4B and 5A and 5B as being 
constructed from the same material. Depending upon 
downhoie drilling conditions compacts 50 and 150 may have 
respective body portions 68 and 168 formed from one type 
of material and respective cutting portions 66 and 166 
formed from a different type of material. 

For some downhoie conditions/ compacts 50 and 150, 
and also inserts 70 and 90, may be formed from tungsten 
carbide. For purposes of the present application, the 
term "tungsten carbide" includes monotungsten carbide 
(WC), ditungsten carbide (W 2 C), macrocrystalline tungsten 
carbide and cemented or sintered tungsten carbide. 
Sintered tungsten carbide is typically made from a 
mixture of tungsten carbide and cobalt powders by 
pressing the powdered mixture to form a green compact. 
Various cobalt alloyed powders may also be included. The 
green compact is then sintered at temperatures near the 
melting point of cobalt to form dense sintered tungsten 
carbide. 

Compacts 50 and 150 along with inserts 70 and 80 may 
be formed from a wide variety of hard materials including 
various metal alloys and cermets such as metal borides, 




metal carbides, metal oxides and metal nitrides. An 
important feature of the present invention includes the 
ability to select the type of hard material which will 
provide the desired abrasion, wear and erosion resistance 
in a cost effective, reliable manner. 

Compact 50 includes a domed shaped contoured cutting 
surface designated as cutting portion 66. Compact 150 
includes a contoured cylindrically shaped cutting surface 
designated as cutting portion 166. The radius of dome 
portion 66 and the radius of cylindrical portion 166 are 
both selected to be essentially equal to the desired 
radius for borehole 100. By forming cutting portions 66 
and 166 with this radius, void spaces between the 
exterior of the respective compacts 50 and 150 and 
adjacent gauge face surface 62 are substantially reduced 
or eliminated. Also, since cutting portions 66 and 166 
have a radius equal to the desired radius of borehole 100 
there is no need for additional machining after 
installing compact 50 and 150 within their respective 
opening in gauge face surface 62. Cutting portions 66 
and 166 engage sidewall 102 of borehole 100 when rotary 
cone drill bit 20 is used to form borehole 100. 

Body portions 68 and 168 are shown respectively in 
FIGURES 4A and 4B and 5A and 5B having a generally 
smooth, cylindrical configuration. For some applications 
it may be preferable to form a knurled surface (not 
shown) on the exterior of compacts 50 and/or 150 to 
enhance the engagement of the respective compact 50 and 
150 when press fit into the respective hole 64. 

When generally cylindrical, contoured cutting 
surface 166 is formed on compact 150 and/or inserts 70 
and 90, it may be desirable to orient the resulting 
compact or insert to correspond with the direction of 
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rotation of the associated rotary cone drill bit 20. 
When domed shaped, contoured cutting surface 66 is used 
on compact 50 and/or inserts 70 and 90, the resulting 
compact or insert may be installed without requiring 
5 orientation relative to the direction of rotation of the 

associated rotary cone drill bit 20. Again, one of the 
benefits of the present invention includes the ability to 
select a contoured cutting surface which will provide the 
optimum performance depending upon the anticipated 

10 downhole drilling environment. 

For some embodiments of the present invention, 
compacts 50, 150 and inserts 70 and 90 may comprise a 
body portion and a cutting portion which are both formed 
from the same type of polycrystalline diamond material. 

15 For other embodiments of the present invention compacts 

50, 150 and inserts 70 and 90 may comprise body portions 
constructed from tungsten carbide and cutting portions 
constructed from polycrystalline diamond material. 

Forming cutting portions 66 and 166 with a radius of 

20 approximately equal to the desired radius for borehole 

100 reduces or minimizes uneven wear of the respective 
cutting portions 66 and 166. Forming compacts 50, 150 and 
inserts 70 and 90 with a cutting portion having a radius 
equal to the desired radius of borehole 100 increases the 

25 downhole drilling life of the resulting compact or insert 

which ultimately increases the downhole drilling time of 
the associated rotary cone drill bit 20. Also, forming 
cutting portions 66 and 166 with a radius equal to the 
desired radius of borehole 100 eliminates the need to 

30 form cutting portions 66 and 166 with excess material 

which is later machined away to provide the desired 
radius. The cost savings particularly when the cutting 
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portions 66 and 166 are formed from polycrystalline 
diamond material, can become significant. 

The orientation of inserts "7 0 and 90 may be varied 
to prevent undesired contact between the exterior of the 
5 associated support arm 28 and sidewall 102. Inserts 70 

and 90 which are mounted in the exterior of each support 
arm 28 may or may not impinge upon sidewall 102 of the 
resulting borehole 100 depending upon drill bit geometry 
and downhole orientation. Compacts 50 and 150 and 

10 inserts 70 and 90 may be staggered or spaced uniformly as 

appropriate for the downhole drilling environment. Also, 
the size of each compact 50 and 150 and inserts 70 and 90 
and the thickness of the respective contoured cutting 
portion may be varied as appropriate for the downhole 

15 drilling environment. 

FIGURE 6 shows rotary cone drill bit 120 having 
surface compacts 50 and inserts 70 constructed according 
to various teachings of the present invention. Rotary 
cone drill bit 120 comprises bit body 122 having a 

20 tapered, externally threaded upper section 24 adapted to 

be secured to the lower end of drill string 100. Rotary 
cone drill bit 120 includes three support arm and cutter 
cone assemblies 126 which extend downwardly from bit body 
122. Each support arm and cutter cone assembly 126 

25 includes support arm 128 and cutter cone 30. Rotary cone 
drill bit 120 may be formed in accordance with the 
teachings of U.S. Patent 5,439,608 entitled Modular 
Rotary Drill Bit, and U.S. Patent 5,439,067 entitled Rock 
Bit with Enhanced Fluid Return Area. 

30 For some applications the same cutter cone 30 may be 

used on both drill bit 20 and drill bit 120. The 
specific type and dimensions for cutter cones 30 will 
depend upon the downhole drilling environment and the 
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desired inside diameter for the resulting borehole 100. 
For the embodiment shown in FIGURE 6, support arms 128 
include ramp 130 which may be used to lift or remove 
cuttings from the bottom of borehole 100. A plurality of 
5 inserts 70 are preferably installed on the exterior of 

each support arm 128 immediately adjacent to the edge of 
ramp 130. Inserts 70 thus minimize wear, abrasion and/or 
erosion of the associated ramp 130. Inserts 70 may be 
formed essentially the same as previously described with 

10 respect to rotary cone drill bit 20. 

Technical advantages of the present invention 
include allowing installing compacts in the gauge face 
surface of a cutter cone without requiring orientation of 
the compact within the gauge face surface relative to the 

15 direction of rotation of the cutter cone and/or the 
associated rotary cone drill bit. Further technical 
advantages of the present invention include forming 
compacts and inserts with a contoured cutting surface 
having a radius which is essentially equal to the desired 

20 radius of the borehole formed with the associated rotary 

cone drill bit. 

Although the present invention has been described in 
detail, it should be understood that various changes, 
substitutions and alterations can be made hereto without 

25 departing from the spirit and scope of the invention as 

defined by the appended claims • 
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WHAT IS CLAIMED IS: 

1. A rotary cone drill bit for forming a borehole 
with a desired radius, the drill bit comprising: 

a bit body with an upper end portion adapted for 
5 connection to a drill string for rotation of the bit 

body; 

a number of angularly spaced support arms formed 
with the bit body and depending therefrom, each of the 
support arms having an inside surface with a spindle 
10 connecting thereto; 

each support arm having a shirttail portion opposite 
from the respective spindle; 

each spindle having a generally cylindrical upper 
end portion connected to the respective inside surface 
15 with the spindle projecting generally downwardly and 
inwardly therefrom; 

a plurality of cutter cones equaling the number of 
support arms with each cutter cone rotatably mounted on 
one of the respective spindles; 
20 each of the cutter cones including a generally 

cylindrical cavity for receiving the respective spindle; 

each cutter cone having a gauge face surface with a 
plurality of holes formed in the respective gauge face 
surface; 

25 a corresponding number of compacts disposed 

respectfully in the plurality of holes in each gauge face 
surface; 

each compact having a cutting portion extending from 
the respective gauge face surface; and 
30 each cutting portion having a radius essentially 

equal to the desired radius of the borehole. 
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2. The rotary cone drill bit of Claim 1 wherein 
the cutting portion of each compact further comprises a 
generally cylindrical configuration with a radius which 
is essentially equal to the desired radius of the 
borehole . 

3. The rotary cone drill bit of Claim 1 wherein 
the cutting portion of each compact further comprises a 
generally domed shaped configuration having the radius 
which is essentially equal to the desired radius of the 
borehole. 

4. The rotary cone drill bit of Claim 1 wherein 
each compact further comprises alloys of tungsten 
carbide . 

5. The rotary cone drill bit of Claim 1 further 
comprising: 

a plurality of holes formed in the shirttail portion 
of each support arm; 

a plurality of inserts disposed respectfully in the 
plurality of holes in the shirttail portion; 

each insert having a cutting portion extending from 
the respective shirttail portion; and 

each cutting portion having a radius essentially 
equal to the desired radius of the borehole. 

6. The rotary cone drill bit of Claim 5 wherein 
the cutting portion of each insert further comprises a 
generally cylindrical configuration having the radius 
which is essentially equal to the desired radius of the 
borehole. 
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7. The rotary cone drill bit of Claim 5 wherein 
the cutting portion of each insert further comprises a 
generally domed shaped configuration having the radius 
which is essentially equal to the desired radius of the 

5 borehole. 

8. The rotary cone drill bit of Claim 5 wherein 
each insert further comprises alloys of tungsten carbide. 

10 9. The rotary cone drill bit of Claim 1 wherein 

each cutter cone further comprises: 

a generally conical cutter cone body having a base 
with an opening to the cavity formed therein and a nose 
pointed away from the opening to the cavity; 

15 the gauge face surface formed as part of the base of 

the respective cutter cone body; and 

the cutting portion of each compact having a 
generally cylindrical configuration with the radius which 
is essentially equal to the desired radius of the 

20 borehole. 

10. The rotary cone drill bit of Claim 1 wherein 
each cutter cone further comprises: 

a generally conical cutter cone body having a base 
25 with an opening to the cavity formed therein and a nose 

pointed away from the opening to the cavity; 

the gauge face surface formed as part of the base of 
the respective cutter cone body; and 

the cutting portion of each compact having a 
30 generally domed shaped configuration with the radius 

which is essentially equal to the desired radius of the 
borehole • 
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11. A rotary cone drill bit for forming a borehole 
with a desired radius, the drill bit comprising: 

a bit body with an upper end portion adapted for 
connection to a drill string for rotation of the bit 
body; 

a number of angularly spaced support arms formed 
with the bit body and depending therefrom, each of the 
support arms having an inside surface with a spindle 
connected thereto; 

each spindle having a generally cylindrical upper 
end portion connected to the respective inside surface 
with the spindle projecting generally downwardly and 
inwardly therefrom; 

a plurality of cutter cones equaling the number of 
support arms with each cutter cone rotatably mounted on 
one of the respective spindles; 

each of the cutter cones including an internal 
generally cylindrical cavity for receiving the respective 
spindle; 

each support arm having a shirttail portion opposite 
from the respective spindle; 

a plurality of holes formed in the shirttail portion 
of each support arm; 

a corresponding number of inserts disposed 
respectfully in the plurality of holes in the shirttail 
portion; 

each insert having a cutting portion extending from 
the respective shirttail portion; and 

each cutting portion having a radius essentially 
equal to the desired radius of the borehole. 
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12. The rotary cone drill bit of Claim 11 wherein 
the cutting portion of each insert further comprises a 
generally cylindrical configuration with a radius which 
is essentially equal to the desired radius of the 
borehole. 

13. The rotary cone drill bit of Claim 11 wherein 
the cutting portion of each insert further comprises a 
generally domed shaped configuration with a radius which 
is essentially equal to the desired radius of the 
borehole. 

14. The rotary cone drill bit of Claim 11 wherein 
each insert further comprises alloys of tungsten carbide. 

15. The rotary cone drill bit of Claim 11 wherein 
each insert further comprises the cutting portion formed 
in part from polycrystalline diamond. 
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16. A rotary cone drill bit for forming a borehole 
with a desired radius, the drill bit comprising: 

a bit body with an upper end portion adapted for 
connection to a drill string for rotation of the bit 
5 body; 

a number of angularly spaced support arms formed 
with the bit body and depending therefrom, each of the 
support arms having an inside surface with a spindle 
connecting thereto; 
10 each spindle having a generally cylindrical upper 

end portion connected to the respective inside surface 
with the spindle projecting generally downwardly and 
inwardly therefrom; 

a plurality of cutter cones equaling the number of 
15 support arms with each cutter cone rotatably mounted on 

one of the respective spindles; 

each of the cutter cones including an internal 
generally cylindrical cavity for receiving the respective 
spindle; 

20 each support arm having a shirttail portion opposite 

from the respective spindle; 

an exterior surface formed on each support arm 
extending upwardly from the respective shirttail portion; 
a plurality of holes formed in the exterior surface 
25 above the shirttail portion of each support arm; 

a corresponding number of inserts disposed 
respectfully in the plurality of holes in the exterior 
surface; 

each insert having a cutting portion extending from 
30 the respective exterior surface; and 

each cutting portion having a radius essentially 
equal to the desired radius of the borehole. 
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17. The rotary cone drill bit of Claim 16 wherein 
the cutting portion of each insert further comprises a 
generally cylindrical configuration having the radius 
which is essentially equal to the desired radius of the 
borehole . 

18. The rotary cone drill bit of Claim 16 wherein 
the cutting portion of each insert further comprises a 
generally domed shaped configuration having the radius 
which is essentially equal to the desired radius of the 
borehole, 

19. The rotary cone drill bit of Claim 16 wherein 
each insert further comprises alloys of tungsten carbide. 

20. The rotary cone drill bit of Claim 16 wherein 
each insert further comprises the cutting portion formed 
in part from polycrystalline diamond, 

21. The rotary cone drill bit of Claim 1 wherein 
each compact further comprises the cutting portion formed 
in part from polycrystalline diamond. 

22. The rotary cone drill bit of Claim 5 wherein 
each insert further comprises the cutting portion formed 
in part from polycrystalline diamond. 

23. A rotary cone drill bit substantially as 
hereinbefore described with reference to uhe accompanying 
drawings. 
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